Abstract. Actinidia polygama has been used as a herbal folk medicine for treating pain, gout, rheumatoid arthritis and inflammation. In the present study, the anti-obesity properties of Actinidia polygama extract (APE) were investigated in mice with high-fat diet-induced obesity. APE treatment of high-fat diet (HFD)-fed obese mice significantly reduced body weight, adipose tissue mass and serum triglyceride and leptin levels relative to the HFD-fed mice. Food intake did not differ between the HFD and HFD+APE groups, although the food efficiency ratio (FER) was significantly decreased in the HFD+APE group compared with the HFD group. Histological examination showed that the sizes of the adipocytes were significantly smaller in the HFD+APE group compared with the HFD group. Serum levels of aspartate transaminase were significantly decreased in the HFD+APE mice compared with the HFD-fed mice, but serum levels of alanine transaminase (ALT), blood urea nitrogen and creatinine were not significantly changed in the HFD+APE mice compared with the levels in the normal diet (ND)-fed and HFD-fed mice. These results suggest that APE may be useful for treating metabolic diseases, including obesity and hyperlipidemia, without toxic side-effects.
Introduction
Obesity, which is caused by an imbalance between energy intake and expenditure, is associated with various metabolic diseases, including hypertension, dyslipidemia, diabetes mellitus, coronary heart disease, congestive heart failure, stroke, osteoarthritis, sleep apnea and certain types of cancer (e.g., colon, breast, endometrial and gall bladder) (1) .
Numerous pharmacological approaches for the prevention and treatment of obesity have been suggested. Obesity therapies include the suppression of nutrient absorption and the administration of drugs that control lipid utilization (2) . Clinically available anti-obesity agents include orlistat, which is a lipase inhibitor, and sibutramine, which is a centrally acting inhibitor of serotonin and norepinephrine uptake (3, 4) . However, these agents have been reported to cause undesirable side-effects, including constipation, insomnia, vomiting, headaches, stomachaches and heart attacks (5). Therefore, due to the limited usage of these pharmacological agents, there is a demand for alternative therapies, including the use of herbal products, that have minimal side-effects (6) . Bangpoongtongsungsan (BPT), a traditional herbal medicine composed of 18 crude drugs, has been reported to be an effective treatment for obesity, insulin resistance and hypertension (7) . In particular, BPT decreases the weight of white adipose tissues (WATs) and the size of adipocytes without adverse effects in high-fat diet (HFD)-fed mice (8) .
Actinidia polygama Miquel (actinidiaceae) fructus has been used as a herbal folk medicine for treating pain, gout, rheumatoid arthritis and inflammation (9) . It has been reported that A. polygama extract (APE) exhibits inhibitory activity against rat paw edema induced by carrageenans and that it inhibits lipopolysaccharide-induced nitric oxide (NO) production in RAW 264.7 macrophages (10). Additionally, APE demonstrates anti-inflammatory and anti-asthmatic effects in a murine model of asthma (11) . However, the anti-obesity effects of A. polygama have not previously been studied.
In the present study, the activities of a 70% ethanol extract of A. polygama in changes in body weight, fat accumulation and serum lipid levels were elucidated in the mouse model of HFD-induced obesity. To induce obesity, the mice were fed a HFD (Rodent diet D12492, Research Diet, New Brunswick, NJ, USA) consisting of 60% energy as fat, 20% as protein and 20% as carbohydrates, in accordance with previously published studies (12) . The control mice were fed a commercial standard chow diet (Orient Bio, Inc., Seongnam, Korea) consisting of 14% energy as fat, 21% as protein and 65% as carbohydrates. Orlistat and BPT were used as positive controls. The mice were randomly divided into five groups (n=7) and fed a normal diet (ND), a HFD, a HFD plus APE (HFD+APE), a HFD plus orlistat (HFD+orlistat) or a HFD plus BPT (HFD+BPT) for 7 weeks. APE or BPT was dissolved in normal saline and orally administered to the mice at a dose of 400 mg/kg/day for 7 weeks. Orlistat was administered to the mice at a dose of 15.9 mg/kg/day. By contrast, the vehicle (normal saline) was orally administered to the mice in the ND-fed and HFD-fed control groups. Body weight and food intake were measured twice a week.
Materials and methods

Preparation
Biochemical analysis of blood. At the end of the experimental period, the mice were fasted prior to being sacrificed. The mice were anesthetized with ether and blood samples were obtained from the inferior vena cava of each mouse. The blood samples were centrifuged at 2,000 x g for 15 min at 4˚C, then the serum was collected and stored at -70˚C prior to analysis.
The serum levels of the triglycerides, total cholesterol, low-density lipoprotein (LDL)-cholesterol, high-density lipoprotein (HDL)-cholesterol, aspartate transaminase (AST), alanine transaminase (ALT), blood urea nitrogen and creatinine were analyzed with an automated serum analyzer (Hitachi 7080, Hitachi Co., Tokyo, Japan). The concentrations of serum leptin and adiponectin were measured with mouse leptin and adiponectin ELISA kits (R&D Systems, Minneapolis, MN, USA), respectively, according to the manufacturer's instructions. Absorbance values were measured using a microplate spectrophotometer (Bio-Rad, Hercules, CA, USA).
Adipose tissue weight and histological analysis. Subsequent to blood collection, the WATs (subcutaneous, epididymal and retroperitoneal) were removed from the mice and immediately weighed.
To stain the adipocytes, the adipose tissues were fixed in 10% neutral formalin solution for 1 day and embedded in paraffin. All tissues were cut to a thickness of 6 µm and stained with hematoxylin and eosin. To quantify the adipocyte sizes, the stained sections were analyzed using light microscopy (Olympus BX51, Olympus Optical Co., Tokyo, Japan) and an image analysis program (Image pro plus 5.0, Media Cybernetics, Silver Spring, MD, USA).
Statistical analysis. Differences between the groups were examined using an unpaired Student's t-test and analysis of variance (ANOVA) followed by Duncan's multiple range test. All data are presented as mean ± standard error (SE). P<0.05 was considered to indicate a statistically significant difference.
Results
Effects of APE on body weight and food intake. The body weights and food intake of the mice in the five treatment groups are listed in Table I . Subsequent to the 7-week treatment, the increase in body weight of the HFD group was significantly greater than that of the ND group (P<0.001). However, the increase in body weight of the HFD+APE group was significantly less than that of the HFD group (P<0.01). During the feeding period, food intake was higher in the ND group than in the HFD group, but did not differ significantly between the HFD and HFD+APE groups. The food efficiency ratio (FER) was higher in the HFD group than in the ND group, whereas the FER was significantly lower in the HFD+APE mice than in the HFD group (P<0.01).
Effects of APE on WAT weights. The WAT weights are listed in Table II . The weights of various WATs, including subcutaneous, epididymal and retroperitoneal adipose tissues, were greater in the HFD-fed mice than in the ND-fed mice, while the weights of epididymal and retroperitoneal adipose tissues were significantly lower in the HFD+APE group (P<0.05).
Histological analysis of WAT. Adipose tissues were further examined histologically (Fig. 1) . The sizes of the retroperitoneal and epididymal adipocytes were larger in the HFD group than in the ND group. APE treatment decreased the sizes of the adipocytes in the obese mice relative to the adipocytes in the HFD-fed mice.
Effects of APE on serum biochemical levels. The serum biochemical parameters are listed in Table III . The serum triglyceride, total cholesterol and leptin levels were significantly increased in the HFD group compared with the ND group. APE treatment of the HFD-fed mice significantly Figure 1 . Histology of white adipose tissue (WAT) in mice with HFD-induced obesity. APE was orally administered to mice at a dose of 400 mg/kg/day for 7 weeks. Representative images of hematoxylin and eosin-stained sections (magnification, x400) of (A) epididymal and (B) retroperitoneal WAT. ND, normal diet; HFD, high-fat diet; APE, Actinidia polygama extract; BPT, Bangpoongtongsungsan. Table II . Effects of APE on organ weights in mice with HFD-induced obesity (g/100 g body weight). 
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reduced the triglyceride and leptin levels (P<0.05). However, the total cholesterol levels did not differ between the HFD and HFD+APE groups. The HDL-cholesterol, LDL-cholesterol and adiponectin levels did not change among the five groups.
Assessment of potential toxicological effects. The effects of APE on the toxicological parameters are listed in Table IV . To evaluate the potential toxic effects of APE ingestion, serum toxicological markers, which indicate liver and kidney injury, were measured at the end of the experimental period. The AST levels were significantly lower in the HFD+APE mice than in the HFD mice (P<0.05). The serum concentrations of ALT, blood nitrogen urea and creatinine were not significantly changed in the HFD+APE group compared with the HFD group. AST, ALT, blood nitrogen urea and creatinine levels were within previously published normal ranges for all groups (13, 14) . Additionally, HFD+APE mice did not exhibit significant changes in the liver and spleen weights (data not shown). These data indicate that administration of 400 mg/kg/day APE for 7 weeks induced no detectable adverse toxic effects in the mice.
Discussion
The results of the present study demonstrated that APE treatment inhibited body weight gain, visceral (epididymal and retroperitoneal) adipose tissue mass, adipocyte size and serum triglyceride levels in mice with HFD-induced obesity. APE treatment in the HFD-fed mice did not change the food intake levels but decreased the FER, implying that APE-treated, HFD-fed mice were less efficient at converting nutrients into their own body mass. These results show that APE has potent hypolipidemic and anti-obesity effects. In addition, the 7-week APE treatment induced no detectable adverse toxic effects in the mice. These data suggest that the decreased fat mass observed in APE-treated mice was not due to the toxicity of APE but rather due to a direct pharmacological action on the adipose tissues.
APE treatment in HFD-fed mice reduced the serum triglyceride and leptin concentrations with decreased fat masses. Furthermore, APE treatment in 3T3-L1 preadipocytes inhibited adipocyte differentiation and lipid (triglyceride) accumulation (data not shown). Moreover, histological examin ation revealed a decrease in the adipocyte size in the HFD+APE group compared with that of the HFD group. Adipose tissue is known for its capacity to store excess dietary energy in the form of triglycerides within the lipid droplets of adipocytes (15) .
Obesity is characterized by increased adipose tissue mass that results from an increased fat cell number (hyperplasia) and an increased fat cell size (hypertrophy) (16) . Specifically, visceral obesity due to adipocyte hypertrophy is more closely associated with various metabolic and circulatory diseases (17) .
Visceral fat accumulation induces the production of a variety of proteins known as adipokines, including visfatin, tumor necrosis factor-α, interleukin-6, leptin and adiponectin (18) . The secretion levels of leptin, a key fat-derived regulator of food intake and energy expenditure, are positively correlated with adiposity and body weight changes in humans and rodents (19) . In the present study, the serum leptin levels were decreased in the HFD+APE group compared with the levels in the HFD group. Adiponectin is known to contribute to insulin sensitivity and fatty acid oxidation and adiponectin levels are decreased in obesity, type 2 diabetes and atherosclerosis (20, 21) . However, the levels of adiponectin in the present study were not significantly changed in the HFD+APE mice compared with levels in the HFD-fed mice. This result suggests that the decreased serum leptin levels from the APE treatment in the HFD-fed mice may be attributable to a decreased lipid accumulation in the adipose tissues.
In conclusion, the APE treatment reduced body weight gain, adipose tissue accumulation, adipocyte size and serum triglyceride and leptin levels without toxic effects in mice with HFD-induced obesity. The potent effect of APE on adipocyte composition and lipidemia without apparent toxic side-effects makes APE a promising candidate in the development of anti-obesity pharmacotherapy. 
